Eco-friendly and low-cost adsorbent prepared from sago waste was investigated for the removal of methylene blue. Sago "hampas," an abundant waste from sago industries, was transformed into activated carbon followed by chemical grafting with silica from activated rice husk in the presence of 3-(triethoxysilyl)-propylamine to afford sago-grafted silica 80:20 (wt/ wt%) and 50:50 (wt/wt%). The physicochemical properties of the adsorbents were characterized, and their effectiveness in removing methylene blue was studied based on initial concentration (2-10 mg/L), adsorbent dosage (0.02-0.1 g and 0.1-0.5 g), and temperature (30 °C, 40 °C, 50 °C). Sago-grafted silica 80:20 showed excellent mesoporous properties and better adsorption capacity (86.43%) compared to sago-activated carbon (74.78%) and sago-grafted silica 50:50 (39.56%). The adsorption of methylene blue employing both sago-activated carbon and sago-grafted silica 80:20 was following pseudosecond-order kinetics model with Langmuir isotherm regression coefficient > 0.9, which indicate a monolayer adsorption. The maximum adsorption capacity of sago-activated carbon and sago-grafted silica 80:20 were 7.69 mg/g and 10.31 mg/g, respectively. Sago-grafted silica 80:20 is a potential low-cost natural sorbent which works best in the removal of methylene blue from environment.
Introduction
A significant amount of methylene blue (MB) effluent from industries such as food, textile, paper, cosmetics, surgery, and diagnostics is discharged into waterways yearly and caused severe environmental threat (Rahman et al. 2012 ). An estimated amount of 7 × 10 3 tonnes of MB effluent is produced annually and releases large amounts of colored pigments and harmful organic substances (Kanawade and Gaikwad 2011) . Improper disposal of MB, even at low concentration, could damage the aquatic organism and retard photosynthesis (Patil et al. 2011; Shendkar et al. 2013) . Prolonged exposure to MB causes health symptoms such as vomiting, increase in heart rate, shock, Heinz body formation, cyanosis, jaundice, quadriplegia, and tissue necrosis in humans (Gao et al. 2013; Hu et al. 2009 ).
MB in wastewater can be removed via biological, chemical, and physical treatments (Hesas et al. 2013; Patil et al. 2011) . Biological treatment, however, is not as effective in removal of MB owing to its complex aromatic molecules which are stable to light and non-biodegradable (Gao et al. 2013) . Other treatments for MB removal such as ozonation, chlorination, coagulation, flocculation, precipitation, and adsorption are more commonly reported as an efficient method (Rahman et al. 2012) . Adsorption via activated carbon (AC) is one of the most promising methods for MB removal from the polluted aqueous system (Patil et al. 2011 ). This is due to its simple, environmentally sound operation and reusability.
The precursor used in the preparation of AC is commonly from waste resources due to low or no cost incurred (Moreno-Castilla et al. 2001) . In other words, utilizing lignocellulosic material from agricultural waste resources helps 1 3 to reduce the environmental problems associated with agricultural waste (Martinez et al. 2003) . Sago Hampas (SH) and rice husk (RH) are solid waste residues generated from sago industry and rice mill. It is estimated that 260 tons of SH generated and disposed into the nearby river annually in Sarawak (Ngaini et al. 2013) , while RH accumulated an estimation of 80 million agricultural waste resources (Ludueña et al. 2011) annually from rice mills in Sarawak. The RH is either burned or dumped on land which contributed to environmental pollution (Sisman et al. 2011) . The disposal of SH onto nearby streams gave critical environmental effects with higher chemical and biochemical oxygen demands, which normally exceeded the standard limit of Malaysian Environmental Quality Act, 1974 (Awg-Adeni et al. 2010 .
SH contains starch, cellulose, and lignin, which is commonly reported for biosorbent and other applications (Ngaini et al. 2014 (Ngaini et al. , 2017 . While RH contains cellulose, hemicelluloses, and lignin (Aderolu et al. 2007) , it is also a natural source of silica with efficient adsorbent properties due to its high porosity (Karnib et al. 2014) . To date, no study was reported on utilizing SH grafted with RH for the removal of MB. Herein we report on the preparation of novel porous adsorbent via chemical grafting of sago-activated carbon (SAC) with silica from activated rice husk (RHA) composite in the presence of 3-(triethoxysilyl)-propylamine as a coupling agent. The adsorbent was characterized and investigated on MB in aqueous solution in batch adsorption study.
Materials and methods

Materials and reagents
SH was collected from Herdsen Sago Industries in Pusa, while RH was obtained from rice mill in Kota Samarahan, Sarawak. MB powder, sodium hydroxide (NaOH), and 3-(triethoxysilyl)-propylamine were purchased from Merck (M). Hydrochloric acid (HCl) 37% fuming was purchased from Fischer Scientific and ethanol absolute from HmBG. All required solutions were prepared using deionized water.
Preparation of adsorbent
SH was cleaned, sun-dried, ground, sieved to 0.1 µm and stored in airtight container prior to use. SH was charred at 400 °C with O 2 in muffle furnace (Protherm furnaces, 442T series) for 30 min. The char obtained was soaked in NaOH (5 M) solution for 2 h, filtered, and washed repeatedly with distilled water to remove excess NaOH, and oven-dried at 105 °C for 24 h. The dried residue was charred at 700 °C for 1 h and treated with HCl (5 M) in distilled water until pH 4 was obtained (Wahi and Senghie 2010) . The mixture was filtered and dried in oven at 105 °C to afford SAC.
RH was washed, cleaned, and oven-dried (105 °C, 24 h) prior to ashing (700 °C, 6 h). The obtained RH ash was soaked in NaOH (25 M) solution for 2 h. The slurry was washed with distilled water to remove excess NaOH and then treated with HCl (5 M) until pH 4 was obtained. The mixture was filtered and dried in oven-dried at 105 °C to afford RHA.
The composite of sago-grafted silica was prepared by stirring RHA (10 g) in ethanol (150 mL) for 30 min to afford well-dispersed RHA slurry. The coupling agent of 3-(triethoxysilyl)-propylamine (APS) (0.5 mL) was added into a container containing the RHA slurry and stirred for 1 h. SAC was then added with ratio 80:20 wt/wt% (SAC-RHA) and 50:50 wt/wt% (SAC:RHA). The mixture was stirred and heated at 50 °C for 18 h (Karnib et al. 2014) . The mixture was filtered, washed with ethanol, and dried in oven at 105 °C to afford sago-grafted silica SGS 80:20 and SGS 50:50.
Adsorbent characterization
Scanning electron microscope (SEM) (JEOL 7500F-1) was used to characterize the morphology of the prepared adsorbents. Fourier transform infrared spectroscopy (FTIR) (Nicolet iS10) was used to determine the functional groups present in the adsorbent. The surface area, pore size, and pore volume were analyzed using Brunauer-Emmett-Teller (BET) surface area analyzer (Quantachrome ASIQC000-3).
Batch adsorption study
The effect of adsorption parameters such as initial concentration, contact time, adsorbate dosage, solution pH, and temperature was investigated in batch adsorption study. All experiments were conducted in triplicates at agitation speed 260 rpm, using orbital shaker (Luckham R100/TW).
The effect of adsorbent dosage on initial MB concentration was studied using different amount of adsorbent: 0.02-0.1 g adsorbent in 10 mg/L and 20 mg/L of MB solution; and 0.1-0.5 g adsorbent in 30 mg/L and 40 mg/L of MB solution. The contact time (30 min), solution pH 7, and temperature (27 °C) were kept constant.
The effects of initial concentration and contact time on MB removal were studied by agitating 40 mg of adsorbents into 50 mL MB with initial concentrations of 2-10 mg/L for 5-60 min. The solution pH (7) and temperature (27 °C) were kept constant.
The effect of temperature and initial dye concentration on MB removal was investigated at temperature range of 30-50 °C with MB concentrations of 10-40 mg/L. The adsorbent dosage (0.1 g), contact time (30 min), and solution pH 7 were kept constant in this experiment.
In order to determine the optimum pH, the effect of pH on MB removal was studied at pH 2, 6, and 10. The pH of MB solution was adjusted using HCl (1 M) and NaOH (1 M). The MB solution initial concentration (30 mg/L), adsorbent dosage (0.1 g), contact time (30 min), and temperature (27 °C) were kept constant.
All samples, including original sample prior to adsorption, were filtered using polytetrafluoroethylene (PTFE) filter to eliminate the effect of methylene blue loss via filtration. The concentration of residual MB was then determined with UV spectrophotometer (Jasco V-630) at wavelength of 664 nm. The removal efficiency of MB was calculated from Eq. (1): where C o is the initial concentration of MB solution before adsorption (mg/L), and C f is the concentration of MB solution after adsorption.
The amount of MB adsorption at equilibrium, q e , was calculated using Eq. (2): where, C e is the equilibrium concentrations of MB. V is the volume of MB solution (L) and W is the mass of adsorbents used to remove MB (g). The removal of MB at time, t, q t (mg/g), was calculated according to Eq. (3) as follows:
where C t (mg/L) is the liquid phase concentration of MB at time, t.
Adsorption isotherm
The results from the batch adsorption study at various initial concentrations were used to study the adsorption isotherms. Langmuir isotherm model assumes good adsorption method of monolayer adsorption on homogeneous adsorbent layer, without interaction between adsorbate molecules and adjacent sites (Zohre et al. 2010) . Langmuir isotherm was calculated from Eq. (4): where C e is the equilibrium concentration of MB after adsorption and q e , mg/g is the amount of MB adsorbed per unit mass of adsorbent at equilibrium. The maximum adsorption capacity, Q o (mg/g), and the constant b (L/mg) can be obtained from the slopes and intercepts of linear plot of (C e /q e ) versus C e , respectively. The Q o and b constant are related to adsorption capacity and energy of adsorption, respectively (Khatod 2013) .
Meanwhile, the Freundlich isotherm suggests adsorption on heterogeneous layers and interaction between adsorbed
molecules with various energies (Gao et al. 2013) , and is expressed following Eq. (5): where, the constant value of Freundlich (K f and n) can be obtained from log q e versus log C e . The constant for Freundlich K f and 1/n related to adsorption capacity and intensity of reaction (Kanawade and Gaikwad 2011) .
Kinetic study
Kinetic study was carried out to investigate the rate-limiting step, time-dependent experimental data by fitting to two types of kinetic model such as pseudo-first order (Eq. 6) and pseudo-second order (Eq. 7).
where K 1 (min −1 ) is rate constant, from plot of ln(q e − q t ) versus t.
where K 2 is rate constant from plot t/q t versus t, and q t are the amount of MB adsorbed per unit mass of adsorbent at time t (min).
Results and discussion
Physicochemical characteristics of the adsorbents SH was charred using muffle furnace at 400 °C (30 min) for thermal dehydration of starch molecules (Novak et al. 2009 ). The charring temperature at 400 °C resulted in the decomposition of cellulose, hemicellulose, and lignin, and also released volatile matters via breaking up the weak bond of organic matrices. The optimized temperature caused condensation and collapsing reactions of organic matters in SH, but effectively facile to avoid SH from turning into ashes (Tan et al. 2014; Wahi et al. 2009 ).
The chemical activation of the char was performed using NaOH followed by further charring at 700 °C to produce SAC. NaOH promotes oxidation and reduction process in the char to produce porous surfaces. The activation temperature, time, and chemical impregnation ratio over biomass contribute to significant effects on the production of activated carbon (Foo and Hameed 2012) . During second charring process, the higher temperature resulted in dehydration and increased the C-NaOH and C-CO 2 reaction rate after chemical activation (Tan et al. 2008) .
To increase surface area and porosity, SAC was chemically grafted with RHA to form SGS with ratio 80:20 wt/ wt% and 50:50 wt/wt%. The yield of SGS 50:50 (70%) was higher than SGS 80:20 (40.4%) due to the presence
+ t∕q e 1 3 of amorphous silica from RHA (Table 1 ). The increased amount of RHA (wt%) in the composites has increased the density of carbon-silica composite (Nishihara et al. 2008; Valle-Vigón et al. 2012) . SAC has higher moisture content compared to SGS 80:20 and SGS 50:50 (Table 1) . Moisture could be deposited during chemical activation and washing process which required longer heating period to improve the quality of SAC (Wahi and Senghie 2010) . SGS 80:20 and SGS 50:50, on the other hand, have low moisture content of 3.96% and 2.99%, respectively. This is due to high charring temperature of RH and the heat insulation properties of silica caused high weight loss of volatile matter (Tan et al. 2008) .
The density of SAC was increased after grafting with RHA ( Table 1 ). The SGS 80:20 and SGS 50:50 composites have higher density of 185 g/cm 3 and 250 g/cm 3 , respectively. These densities are 20-60% higher than the carbonaceous matter of SAC due to the presence of silanol group in large density (Valle-Vigón et al. 2012) . SAC possessed a better surface area (167.3 m 2 /g) (Supplementary E2) compared to precursor, SH (11.7 m 2 /g) (Supplementary E1), indicating a significant enhancement in the surface area after charring and chemical activation. The intercalation of the carbonate metal from NaOH onto the carbon matrix during chemical activation process has broadened the space between carbons atomic layers (Foo and Hameed 2012) .
Porous system and surface area play an important role in the adsorption process. Grafting silica onto SAC has produced larger surface area (Fig. 2b) , high number of pores (Table 1) , and average pore size in SGS 80:20 compared to SAC (Fig. 2a) . SAC, on the other hand, has an inhomogeneous microstructure with pore size 4.72 µm (Supplementary D1) after charring and chemical activation process. Higher porosity and larger surface area of char indicate the potential of an increase in adsorption capacity. In other words, size and distribution of micropores determine the adsorption properties of char (Karnib et al. 2014) . However, larger pores might not retain small adsorbates, while smaller pores unable to adsorb large molecules (Ahmedna et al. 2004) .
The low pore volume (Table 1) in composites was envisaged that the silica from RHA deposition narrowed the pores of carbon matrix in SAC (Skubiszewska-Zieba et al. 2003) . As the amount of silica increased from 20 to 50 wt% in grafting process, less porous and rougher surface (Fig. 2c) was observed in SGS 50:50 compared to SAC and SGS 80:20. This could be due to the accumulation of silica in the porous carbon system which decreased the surface area (Valle-Vigón et al. 2012) .
FTIR spectra of SAC, SGS 80:20, and SGS 50:50 are shown in Fig. 1 . The adsorption peaks at 3329 cm −1 and 3318 cm −1 were attributed to v O-H presence in SAC and SGS 80:20. The absorption peak at 1692 cm −1 was assigned to v C=O , while strong peak at 1572 cm −1 attributed to v C=C of aromatic ring in SAC. The peak at 1161 cm −1 in SAC was assigned to v C-O absorption after activation of cellulose (Hegde et al. 2015: Yan and . FTIR spectra of SGS 80:20 and SGS 50:50 showed intense overlapping of carbon and silica which indicated the disappearances of v C=O and v C-O . Meanwhile, weak peaks of v C=C were observed at 1572 cm −1 and 1551 cm −1 , respectively (Fig. 1b, c) . The presence of broad peaks at 1068 cm −1 in SGS 80:20 and 1039 cm −1 in SGS 50:50 attributed to the silica from RHA (Ludueña et al. 2011) , while peaks appeared at 800-400 cm −1 correspond to v N-H group (Vieira et al. 2014) in SAC, SGS 80:20, and SGS 50:50. SEM micrograph of SAC, SGS 80:20, and SGS 50:50 is shown in Fig. 2 . The irregular surface and large pores were developed in SAC after acid and base treatment during chemical activation process (Fig. 2a) . The charring process using muffle furnace is believed to cause the production of inhomogeneous pore sizes in SAC (Tan et al. 2008) . This is because the surface of SH was decomposed earlier before the heat reached the SH's interior particles. The energy transfer during charring using externally heated chamber practically depends on thermal gradient through convection, conduction, and radiation of heat into the raw materials (Hesas et al. 2013 ).
Effect of adsorbent dosage on MB removal
Study on the effect of adsorbent dosage is one of the important parameters in adsorption studies which can be applied in industrial wastewater treatment. In this study, a series of batch adsorption experiments were performed to investigate the effect of adsorbent dosage for the removal of MB at different concentration (30 mg/L and 40 mg/L) as depicted in Fig. 3 . At 30 mg/L, SAC showed poor adsorption trend of 15.30-74.78% with increase in adsorbent dosage (Khatod 2013) for better adsorption of MB in SGS 80:20. Introduction of 50 wt% RHA onto SAC, which envisaged to increase more active sites for better adsorption capacity of MB, gave only 2.02-39.56% removal on 30 mg/L of MB. SGS 50:50 with density 250 ± 2.0 g/L was not as effective as SGS 80:20 and SAC (Fig. 3 ) in adsorption capacity of MB.
The percentage removal of MB increased as the amount of adsorbent increased (0.1-0.5 g), due to higher exchangeable site and surface areas (Gao et al. 2013 ). However, there was low adsorption of MB in SGS 50:50 compared to SAC and SGS 80:20. This is due to the high availability of MB molecules on the surface of adsorbent with low pore volume, which causes the adsorption to become dependent on MB concentration (Karnib et al. 2014) .
At concentration of 40 mg/L, SGS 80:20 maintained better removal of MB compared to SAC and SGS 50:50 (Fig. 3) . The removal of MB increased from 18.17 to 56.20% with increase in dosage of SGS 80:20 from 0.1 to 0.5 g. SAC, on the other hand, gave low removal from 8.65 to 53.77% compared to SGS 80:20 with increase in dosage of adsorbent. In overall, the percentage of removal increased with increase in dosage of adsorbent (0.1-0.5 g). This is due to the high availability sites of the adsorbent which leads to better adsorption capacity (Patil et al. 2011 ). SGS 50:50, however, afforded poor removal of MB with an increase in adsorbent dosage (Fig. 3) . This could be due to high density of SGS 50:50, which contributed less available sites of adsorbent (Gao et al. 2013 ). This phenomenon also initiated partial aggregation and overlapping between carbon residue and silica in SGS 50:50.
Optimizing the adsorption trend at lower MB concentration (10-20 mg/L) was investigated with lower adsorbent dosage (0.02-0.1 g). Employing 0.02-0.1 g of SGS 80:20 on 10 mg/L of MB demonstrated drastic increased in the removal of MB from 33.46 to 97.84% (Fig. 4) . SAC also showed increasing removal of MB from 38.4 to 90.53% with increase in adsorbent dosage. This phenomenon could be due to the increase in available surface-active sites as the adsorbent dosage increased from 0.02 to 0.1 g (Rahman et al. 2012) . The adsorbent using SGS 50:50 still showed poor adsorption activities (Fig. 3) and therefore was not continued further. High amount of silica grafted on sago-activated carbon has increased the density contributed less available sites of adsorbent (Gao et al. 2013 ) and unable to give better physical properties for feasible adsorption.
At 20 mg/L, the adsorption of MB on SAC and SGS 80:20 was slightly lower than 10 mg/L. SAC and SGS 80:20 gave increasing adsorption trend of 29.03-59.33% and 27.24-74.10%, respectively, with increase in adsorbent dosage (0.02-0.1 g). SGS 80:20 showed better adsorption capacity compared to SAC due to high surface area (Table 1) with high accessible pores (Gao et al. 2013) .
The increase in MB concentration from 10 to 20 mg/L has decreased the removal of MB (Fig. 4) . The amount of MB removed at a low initial concentration (10 mg/L) was higher compared to the corresponding amount adsorbed at high initial concentration (20 mg/L). It was believed that an increase in MB's concentration has decreased the adsorption capacity due to less accessible sites of the adsorbent (Gao et al. 2013 ).
Effect of initial concentration and contact time on MB removal
Contact time is an important parameter for determining the equilibrium point of the adsorption. The effect of initial concentration and contact time on SAC and SGS 80:20 is shown in Fig. 5 . The adsorption of MB was rapid in the first 5 min from 2 to 10 mg/L in both adsorbents, followed by constant adsorption to reach equilibrium. Adsorption of MB increased with time and finally achieved equilibrium in 20 min using SGS 80:20, which is faster than SAC (Fig. 5) . The high mesoporous size of SGS 80:20 leads to faster adsorption compared to SAC.
SAC adsorbed MB slower compared to SGS 80:20 due to low affinity of MB binding with SAC (Tan et al. 2014) . The adsorption process of 2 mg/L and 4 mg/L on SAC increased and reached equilibrium in 30 min, while the adsorption at 6-10 mg/L attained equilibrium after 40 min. Longer time was taken to reach equilibrium as the MB concentration increased due to higher availability of MB molecule (Tan et al. 2014) . Slower adsorption on SAC compared to SGS 80:20 is possibly due to the aggregation of MB molecules that filled up existing micropores and subsequently influenced the contact time (Gao et al. 2013) . Larger surface Initial concentration is another important parameter in providing a driving force to improve mass transfer resistance from aqueous phase to adsorbent (solid). The maximum adsorption capacity of the adsorbent depends on the amount of dye adsorbed at the equilibrium (Tan et al. 2008) . In this study, the adsorption per mass at equilibrium (q e ) increased as the initial concentration of MB increased from 2 to 10 mg/L using SAC and SGS 80:20. The q e of SAC and SGS 80:20 increased from 2.25 to 11.97 mg/mg and 1.47 to 12.36 mg/mg, respectively (Fig. 5) , with increase in MB concentration from 2 to 10 mg/L (Fig. 5) . The MB uptake on SGS 80:20 results in single, smooth and continuous curve line leading to saturation compared to SAC. This phenomenon suggested the possible monolayer adsorption (Hu et al. 2009 ) of MB onto the surface of SAC and SGS 80:20.
Effect of temperature on MB removal
Temperature and activation energy are thermodynamic parameters which are used to forecast the adsorption behavior of adsorbent. Batch experiments of MB concentrations of 10-40 mg/L at three different temperatures (30 °C, 40 °C, 50 °C) were studied using SAC and SGS 80:20 (Fig. 6) . At 10 mg/L, the percentage removal of MB using SAC was increased from 83.90% (30 °C) to 89.90% (40 °C) and decreased to 83.90% at 50 °C. This finding indicated that 40 °C was the optimum temperature for adsorption of 10 mg/L MB. At 20-40 mg/L, the adsorption using SAC increased with increase in temperature. It was believed that during adsorption process, MB was slowly adsorbed at 30-40 °C and diffused across external and internal pores of adsorbent particle when the temperature increased to 50 °C (Patil et al. 2011) .
SGS 80:20 showed higher removal of MB at lower temperature (Fig. 6) . As the MB concentration increased from 10 to 40 mg/L, the adsorption decreased at 50 °C but higher at 30 °C. The results suggested that as the temperature of suspension increased, the adsorption of MB on SGS 80:20 decreased. This indicates exothermic nature of the adsorption reaction. Similar adsorption trend was also reported using activated carbon from coconut husk (Tan et al. 2008) and durian shell (Chandra et al. 2007 ) on MB. In the exothermic condition, the physical bonds become weaker between dye and active site of adsorbent with increase in temperature. At the same time, the solubility of solute and solvent become stronger compared solute and adsorbent, where the solute resulted to be harder to adsorb (Chandra et al. 2007 ). This finding could be due to the occurrence of physisorption process (Shendkar et al. 2013 ) on solid interfaces in SGS 80:20.
Effect of pH
The effect of pH on MB removal was studied following method by Gao et al. (2013) at pH 2, 6, and 10 at 30 mg/L (Fig. 7) . As the pH increased, the removal of MB using SAC and SGS 80:20 was also increased. The removal of MB using SAC and SGS 80:20 were increased from 9.77 to 99.29% and 3.29 to 99.84%, respectively, when the pH was increased from pH 2 to pH 10. Both adsorbents showed maximum adsorption at pH 10 with 99% removal of MB (Fig. 7) .
The hydrophobic nature of both adsorbents (SAC & SGS 80:20) tends to attract H + ions in water at acidic condition (Thirumalisamy and Subbian 2010) . At low pH, the increase in H + ion concentration in the MB suspension caused the adsorbents to receive more positive charge by absorbing H + ions (Gao et al. 2013) . In other words, it prevents cationic dye adsorption onto SAC and SGS 80:20 surface due to electrostatic repulsion between H + ions and cationic dye (Thirumalisamy and Subbian 2010) . This phenomenon is in line with low adsorption on SAC (9.77%) and SGS 80:20 (3.29%) in acidic condition. The presence of active silica in SGS 80:20 is believed able to increase the hydrogen bond interaction with H + ions instead of MB at low pH (Rahman et al. 2012) .
As the pH increased, maximum adsorption of MB was observed on SAC (99.29%) and SGS 80:20 (99.84%). This is due to the increase in negatively charged surface of adsorbent which leads to strong electrostatic attraction with cationic dye like MB (Thirumalisamy and Subbian 2010) . The presence of high number of hydroxyl (OH − ) ions at high pH has increased the adsorption of MB (Yan and Wang 2013) . The amount of MB adsorbed per mass of SAC and SGS 80:20 at equilibrium (q e ) increased from 2.93 to 29.78 mg/mg and 0.99-29.95 mg/mg, respectively, with the increase in pH value. 
Adsorption isotherm studies
The plotted graph of (C e /q e ) versus C e showed good linearity where Langmuir model is best fitted to SAC and SGS 80:20 on MB initial concentrations. The regression coefficients, R 2 , for SAC and SGS 80:20 are between 0.9 and 1.0, which illustrates the homogeneous nature with the uniform adsorption energy onto adsorbents (Gao et al. 2013) . The data also depicted no interaction and transmigration of MB in the plane of surface (Khaled et al. 2009 ).
The Q o obtained from Langmuir of SAC and SGS 80:20 were 2.29-7.69 mg/g and 1.55-10.31 mg/g (Table 2) , with an increase of 235.81% and 565.16%, respectively. The Langmuir isotherm demonstrated that SGS 80:20 acts as an excellent monolayer adsorption of MB at outer surface of adsorbent compared to SAC. SGS 80:20 showed stronger hydrogen bonding with MB after the modification of hemicellulose and cellulose in SH and RH (Hu et al. 2009 ). On the other hand, the plotted graph of log q e versus log C e showed the adsorption of MB on the SAC, and SGS 80:20 poorly fitted the Freundlich model. The calculated values are presented in Table 2 .
Kinetic studies
The plotted graph of log (q e − q t ) versus t for pseudo-firstorder reaction showed poor linearity for SAC and SGS (80:20) . At 2 mg/L, 6 mg/L, and 10 mg/L, R 2 > 0.9 for both SAC and SGS 80:20, which best fitted to pseudofirst order. However, the experimental q e values were not in agreement with the calculated values (Supplementary G11-G19), which indicates that the MB adsorption onto SAC and SGS 80:20 cannot be assumed as a pseudo-firstorder reaction. In contrast, the plotted graph of t/q t versus t showed good linearity, which indicates good fit of the pseudosecond-order reaction (Ho and McKay 1999) . Table 3 shows R 2 > 0.9 for both SAC and SGS 80:20. The linear plot of SGS 80:20 (Supplementary G15-G19) ascertained good agreement between the experimental and calculated q e compared to SAC (Supplementary G11-G14 ). The results indicated that the rate of adsorption was subjected to pseudo-second-order rate law, with respect to the availability of adsorption sites on adsorbents (Gao et al. 2013) .
Conclusion
In summary, a novel porous adsorbent from sago-activated carbon grafted with silica derived from rice husk was successfully developed in the presence of 3-(triethoxysilyl)-propylamine as a coupling agent. Batch adsorption study on MB removal showed that the adsorption capacity of SGS 80:20 > SAC > SGS 50:50. The adsorption of MB by SAC and SGS 80:20 fitted the Langmuir isotherm, which indicated a monolayer adsorption process. The kinetic study on the adsorption of MB by SGS 80:20 was subjected to pseudo-second-order reaction model with good agreement of calculated and experimental q e value. The study suggested that the natural sorbent of SGS 80:20 works best in the removal of MB from environment and hence benefits the wastewater treatment due to its high efficiency and low production cost.
